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The brain contains so many extractable contaminating materials that purification of the virus from brain suspension by mere repetition of fractional centrifugation has been difficult (Kitaoka, 1955) . Recently, Nojima et al.(1964) reported a purification procedure of JE virus from infected suckling mouse brains by adsorption technique on hydroxyapatite column. The recent progress of sedimentation techniques has opend a simple and efficient way for purification of many animal viruses from infected tissues and tissue culture cells. The present paper will describe in detail the purification procedure of JE virus from infected suckling mouse brains by the protamine treatment, fractional centrifugation and sucrose gradient centrifugation. Also the structure of virus particles will be discussed in regard to hemagglutinating (HA) and complement fixing (CF) substances and infectious principle.
MATERIALS AND METHODS
Virus : JE virus (Nakayama strain) was used throughout this work. The stock virus used was prepared from infected suckling mouse brains harvested in the moribund stage in 3 days after intracerebral inoculation.
They were kept in a Subzero freezer (-70ß) as a 10 % brain homogenate.
Protamine treatment of brain homogenate : Suckling mouse brains infected with 105 LD50 of the virus were harvested in the moribund stage in 3 days after inoculation, and homogenized by two runs of 3 minutes using a blendor with 4 volumes of borate saline, pH 9.0, in the ice cold. The mixture was spun down at 8,000 rpm for 20 minutes by an International centrifuge PR-2 to remove rough particles. One-tenth volume of protamine sulfate stock solution (50 mg per ml freshly made) was added to the supernatant to make a final concentration of 5 mg per cc. After keeping it for 15 minutes in the cold bath, the precipitate was removed by centrifugation at 8,000 rpm for 20 minutes. A clear supernatant was spun down at 40,000 rpm for 2 hours by a Spinco L centrifuge and partially purified virus was collected as pellets. The virus pellets were resuspended in an adequate amount of 0.05 M trisbuffer, pH 8.7, and sonicated for 5 minutes by a Kubota 10 kc sonicator in the cold.
In the early experiments, the teflon-made homogenizer of Potter-Elvejem type was used for resuspension, however, in progress of the experiment, it was known that much of virus particles were aggregated or sometimes disrupted into particles of smaller sizes by mechanical homogenization. Thus, as reported in a short communi-cation (Kitaoka and Nishimura, 1963) , it was found that much of hemagglutinating activity (HA) were obtained in certain smaller and noninfectious fractions.
However, using the sonication method, no such phenomena were encountered so far with the Nakayama strain.
Gradient centrifugation of partially purified JE virus in sucrose or CsCl density column : The sonicated sample was centrifuged at 2,000 rpm for 10 minute to remove rough materials. Five-tenths cc of the supernatant was laid on the top of the gradient column made by mixing 5 and 45 % sucrose dissolved in 0.033 M trisbuff er, pH 8.7. After centrifugation at 30,000 rpm for 75 minutes in an SW-39 rotor, the virus banded in the middle of a centrifuge tube. The band could be discerned by scattering a beam held down to the top of the centrifuge tube. Titration of infectivity, hemagglutinin and complement fixing activity : The titration of the infectivity was carried out by intracerebral inoculation with each of serial 10-fold dilutions of a fraction into suckling mice. The LD50 was calculated by the ordinary way (Reed and Muench, 1938) . Meanwhile, the plaque assay method using chick fibroblast cells was also used for titration of infectivity. For overlaying on monolayer cells, 12 ml of 0.9 % agar containing nutrient medium was added to each 7 cm diameter dish. The nutrient medium was composed of Earle's saline-lactalbumin as a base, 2.8 % bicarbonate solution (stock is a 7 % solution) and 3 % bovine albumin (stock is a 5 % solution). The plaques were observed on the 2nd day after infection by staining with 7 ml of an overlay medium containing neutral red (1 : 13,000) and 0.9 % Noble agar. The plaques were visible in 12 hours after the second overlaying. The CF antigen (Okuno, 1958) and HA (Clarke and Casals, 1958) were titrated by the methods routinely used in our laboratory.
Disruption of pure virus particles in alkaline buffer:
Since we have always observed the presence of HA of non-infectious forms, the experiment was undertaken as to whether those HA components could be separated by the artificial disruption from purified virus particles or not.
Among several methods so far tested, the treatment of virus particles with alkaline pH (10.5) has been found to be convenient to obtain the smaller and noninfectious forms. The alkaline treated suspension was laid on the top of the same gradient column, and centrifuged at 30,000 rpm for 75 minutes. The combination of urea was found to stimulate the distruption of virus to smaller components as shown in Fig. 7b . 
RESULTS

Growth of JE Virus in Suckling Mouse Brains
The JE virus infected suckling mouse brains were harvested at various time intervals after infection. They were divided into two groups to compare the efficiency of extraction of infectivity and HA-activity by both extraction methods, using phosphate-buffered saline (PBS), pH 7.4, and borate-buffered saline, pH 9.0, i n the cold. As for the arbovirus HA, it is known that its activity is more stable in the borate-saline of pH 9.0. As a result, the same pattern was obtained by both of those different extraction methods (Fig. 1) , that is, the virus growth reached the maximum level in 3 days after infection, the HA titer increased 12 hours later after the appearance of the mature virus in the brain, and the CF-antigen was observed in 48 hours after infection (Fig. 1) . In addition, Days after infection Fig. 1 . Daily appearance of infectious particles, HA and CF antigen in suckling mouse brains after intracerebral inoculation with 105 LD50 of JE virus (Nakayama strain).
Brains were homogenized using 2 diluents ; phosphate buffered saline of pH 7.4 and borate buffered saline of pH 9.0. Fig. 1 b indicates the ratio of HA to infectivity; the same ratio (5.0) seen on the 2 and 3 days after infection. the ratio of both titers, hemagglutinin and inf ectivity, was found to be almost constant on the 2nd and 3rd days after infection (Fig. 1 b) . These findings support the conception that both the components might be always gathered for formation of new virus particles.
Effect of Protamine Sulfate for Partial Purification of JE Virus
Contaminating proteins in brain homogenates could be, to a certain extent, removed by addition of protamine sulfate. The supernatant of 20 % suckling mouse brains was treated with 0.1 or 0.5 % protamine sulfate at varying pH's. in the supernatant after 5 mg per cc protamine treatment. On the contrary, the CF activity was lost, to some extent, by the same treatment (Fig. 2 b) and the higher concentration of protamine sulfate was used the more was the loss of CF activity. Using 5 mg per cc of protamine sulfate, the recovery of infectivity was also somewhat reduced in parallel with the loss of CF antigen ( Samples prepared at varying pH's, 6.3, 7.4 and 9.3, were divided into small test tubes, kept at -70ß, and tested for the HA titer after 1, 2 and 3 day storage. Broken line indicates the HA activity after 1, 2 and 3 days taken out from one pool, so the sample was thawed for taking out and frozen again for storage till next titration.
Sucrose Density Gradient Centrifugation of Partially
Purified Preparation The suckling mouse brains 28 g in all were homogenized in the borate buffered saline of pH 9.0, and the virus was partially purified by the protamine sulfate and high speed centrifugation.
The pellets were resuspended in 1.2 cc of 0.05 M trisbuffer, pH 8.7, by sonication.
After a low speed centrifugation, the supernatant was laid on the top of the sucrose column made by mixing of 5 and 45 % sucrose in 0.033 M tris-buffer, pH 8.7. It was sedimented at 30,000 rpm for 75 minutes by a Spinco L centrifuge with an SW-39 rotor.
JE virus after the centrifugation in the sucrose density gradient. As for HA titer there are 2 peaks, one being at the position of tube No. 13 and the other biphasic at the positions of tubes No. 25 and 30. Tube No. 25 has also CF activity in parallel with a high HA titer (5,000 units), but no infectivity at all. So it should be called as noninfectious HA components of JE virus.
The infectious virus particles were found in the first peak where the HA of a high titer and a very low CF activity were detectable. Some of residual HA activity was detected in tube No. 30 near the top of a centrifuge tube. It should be pointed out, however, that when the teflon homogeneizer was used most of the HA activity could be detected at the position of tubes No. 25 and 30. These results suggest that some HA on virus particles could be solubilized mechanically by the homogenizer and were moved toward the lighter fractions by the centrifugation.
Equilibrium Sedimentation of JE Virus Preparation in CsCl Solution
Adjusting the initial concentration of CsCl to 0.400 g per cc, the virus could be banded at the middle of a centrifuge tube after 16 hours centrifugation at 35,000 rpm using an SW-39 rotor (Fig. 6) . Fig. 5 indicates the patterns of OD260, HA and CF activities Fig. 5 . The distribution patterns of HA, CF and OD260 of JE virus in the equilibrium contrifugation using CsCl solution. The infected suckling mouse brains were homogenized in the borate-buffered saline, pH 9.0, and partially purified by the protamine sulfate and the high speed centrifugation.
The pellet was resuspended in tris-buffer, pH 8.7, and solid CsCl was added.
It was centrifuged at 35,000 rpm for 16 to 20 hours by an Spinco L centrifuge.
of JE virus in an equilibrium sedimentation in the CsCl solution. The HA of a low titer only could be detected at the first sedimenting peak (tube No. 13) which corresponded to virus particles. Higher titers of HA and CF activities than those of virus particles were found at the position of tube No. 31, suggesting the occurrence of particle disruption in the CsCl solution. Infectious activity was not significantly detected at any position due to the inactivation of JE virus by the high ionic strength of CsCl. The purified JE virus described in Fig. 5 was collected by a high speed centrifugation, and resuspended in alkaline medium , pH 10.5. Two-tenths cc of the virus suspension was mixed with 0.2 cc of tris-buffer, pH 10.5, and 0.1 cc of 5 M urea, and the mixture was incubated at 30 for 15 minutes. After the incubation period, 0.5 cc of the mixture was laid on the top of the sucrose column made by mixing 5 and 45 % sucrose buffer, and centrifuged at 30,000 rpm for 75 minutes. The results showed a disrupture of the virus particles to smaller antigenic particles . Patterns of viral infectivity before and after the alkaline treatment are shown by black squares in the same Fig. a complete virus particles might be disrupted to smaller components which still retain some of the HA activity. The electron microgram also confirmed directly the presence of such smaller HA-components as given in Fig. 7 b .
DISCUSSION
The results obtained so far in the purification of JE virus (Nakayama strain) have to contribute additionally to the report of Lwoff A , et al.(1962) on the structure of virion belonging to a spherical and enveloped type of animal viruses. Furthermore , the experiment suggests that the virion is coated by HA-and CF-active materials which are separable from the complete virus particle by alkaline treatment as noninfectious and smaller components. It was found that the techniques of resuspending the concentrated JE virus strongly influenced the distribution of each HA component in the sedimentation pattern, probably due to the fragility of JE virus against the chemical and mechanical processes. Accordingly, once the mechanical homogenization is applied to the virus resuspensinn without consideration of such property of the virus, the noninfectious and
